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1

MEMORY CELL HAVING A REDUCED
PEAK WAKE-UP CURRENT

FIELD

This disclosure relates to random-access memory (RAM),
and more specifically, to bit-line charging in a RAM array.

BACKGROUND

Current random-access memory (RAM) array designs
(such as static-RAM (SRAM) arrays, dynamic-RAM
(DRAM) arrays, etc.) experience high peak currents during
pre-charging operations (e.g., wake-up or start-up opera-
tions). During normal operation, a RAM array only utilizes
(e.g., discharges/charges) a predetermined number of bit-
lines (BL) and complimentary bit-lines (BLB). For example,
in some embodiments, RAM array 1s configured to read/
write a maximum of 72 of the total number of bit-lines in the
RAM array during a read/write operation (referred to herein
as a two-multiplexer (2mux) design). As another example, 1n
some embodiments, a RAM array 1s configured to read/write
a maximum of about 4 of the total bit-lines 1n the RAM
array during a read/write operation (referred to herein as a
four-multiplexer (4dmux) design). The RAM array experi-
ences a read/write peak current based on the maximum
number of BLs and BLBs used during a read/write opera-
tion.

During a pre-charging operation (e.g., start-up/wake-up
operation), each of the BLs and BLBs 1n the RAM array are
charged, resulting 1n a charge peak current having value
ogreater than the read/write peak current. Conventional
memory units utilize a signal bit-line precharge stage that
charges all of the BLs and BLBs 1n the RAM array from a
sleep/oll state to a charged state 1n a single charging cycle.
The charge peak current during a charge operation can
exceed, for example, 300 pA. The high charge peak currents
can cause damage to one or more circuit elements in the
RAM array and/or circuit elements connected to the RAM
array.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
necessarlly drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

FI1G. 1 1llustrates a charging cell of a memory unmit having
a multi-stage charging control circuit, in accordance with
some embodiments.

FIG. 2 1s a flowchart 1llustrating a method of operation of
the charging cell of FIG. 1, in accordance with some
embodiments.

FIG. 3 illustrates a timing diagram of the charging cell of
FIG. 1 during a two-stage charging process, 1n accordance
with some embodiments.

FI1G. 4 illustrates a charge control circuit of the charging

cell of FIG. 1, in accordance with some embodiments.
FI1G. 5 1llustrates an SD/SLP control block of the charging

control circuit of FIG. 4, in accordance with some embodi-
ments.

FIG. 6 1s a timing diagram of the charge control circuit of
FI1G. 4, 1n accordance with some embodiments.
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2
DETAILED DESCRIPTION

This description of the exemplary embodiments 1s
intended to be read in connection with the accompanying
drawings, which are to be considered part of the entire
written description. Terms concerning attachments, coupling
and the like, such as “connected,” “interconnected,” “elec-
trically connected,” and “electrically coupled” refer to a
relationship wherein structures are electrically attached or
coupled to one another, either directly or indirectly through
intervening circuit elements, as well as both wired or wire-
less attachments or relationships, unless expressly described
otherwise.

In various embodiments, a memory unit includes a
BL/BLB charging cell configured to charge one or more
BLs/BLBs during a multi-stage pre-charging process. In
some embodiments, the charging cell 1s configured to charge
one or more BL/BLBs to a first predetermined voltage level.
The BL/BLB charging cell pauses charging the BL/BLB for
a predetermined delay period after reaching the first prede-
termined voltage. The BL/BLB charging cell then charges
the BL/BLB to a second predetermined voltage after the
predetermined delay period. In some embodiments, the
BL/BLB charging cell includes a charging control circuit
configured to generate one or more control signals for the
multi-stage charging process.

FIG. 1 illustrates one embodiment of a BL/BLB charging
cell 2 of a memory array (not shown), in accordance with
some embodiments. The BL/BLB charging cell 2 includes a
plurality of charging transistors 4a-4¢ (collectively “charg-
ing transistors 47). Each of the charging transistors 4 can
comprise any suitable transistor, such as, for example, one or
more complimentary metal-oxide-semiconductor (CMOS)
transistors, such as a metal-oxide-semiconductor field-effect
transistors (MOSFET), n-channel MOSFETs (INMOS),
p-channel MOSFETs (PMOS), and/or any other suitable
transistor. In some embodiments, the charging transistors 4
are configured to control one or more pre-charging/charging
operations of a BL 8a and/or a BLB 85b. Although charging
transistors 4 are illustrated herein, it will be appreciated that
the charging transistors 4 can be replaced with any suitable
switching element.

In some embodiments, a first charging transistor 4a 1s
coupled between each of a BL 84 and BLB 8b. In some
embodiments, the first charging transistor 4a 1s coupled to
the BL 8a at a first source/drain terminal 10a_1 and coupled
to the BLLB 85/ a second source/drain terminal 105 2. The
gate 10c_1 of the first charging transistor 4a 1s coupled to a
charge control circuit 12. In some embodiments, the first
charging transistor 4a can be omitted.

In some embodiments, a second charging transistor 45 1s
coupled between an mput voltage 20 and the BL 8a. The
second charging transistor 45 1s coupled to the input voltage
20 at a first source/drain terminal 10a 2 and the BL 8a at a
second source/drain terminal 105 2. The second source/
drain terminal 105_2 of the second charging transistor 45 1s
further coupled to the first source/drain terminal 10a_1 of
the first charging transistor 4a. The first source/drain termi-
nal 10a_2 of the second charging transistor 45 1s coupled to
the iput voltage 20. The gate 10¢_2 of the second charging
transistor 46 1s coupled to the charge control circuit 12.

In some embodiments, a third charging transistor 4c¢ 1s
coupled between the input voltage 20 and the BLLB 8b6. The
third charging transistor 4¢ 1s coupled to the input voltage 20
at a first source/drain terminal 10a 3 and the BLLB 854 at a
second source/drain terminal 105 3. The second source/
drain terminal 1056_3 of the third charging transistor 4c¢ 1s
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turther coupled to the second source/drain terminal 1056_1 of
the first charging transistor 4a. The first source/drain termi-
nal 10a_3 of the third charging transistor 4¢ 1s coupled to the
input voltage 20. The gate 10c_3 of the third charging
transistor 4¢ 1s coupled to the charge control circuit 12. In
some embodiments, the mput voltage 20 1s a variable
voltage signal. For example, in some embodiments, the
input voltage 20 can be set to one or more discrete voltage
values, such as a first predetermined voltage and a second
predetermined voltage, although 1t will be appreciated that
input voltage 20 can have additional and/or alternative
voltage levels. Although embodiments are discussed herein
including the second and third charging transistors 4b, 4c
cach coupled to a single input voltage 20, 1t will be appre-
ciated that the second charging transistor 456 can be coupled
to a first voltage mput and the third charging transistor 4c¢
can be coupled to a second voltage mput.

As noted above, the gate 10¢ of each of the charging
transistors 4 1s coupled to the charge control circuit 12. The
charge control circuit 12 generates a charge control signal 18
which controls charging of the BL 8a and/or the BLB 854
according to a multi-stage charging process. The charge
control circuit 12 1s configured to receive one or more mput
signals 38, such as sense drive (SD) signal and/or a sleep
(SLP) signal and generate a charge control signal 18. In
some embodiments, the charge control signal 18 1s a logic
signal (1.e., a signal having a {irst voltage level representa-
tive of a first logic state and a second voltage level repre-
sentative of a second logic state). The charge control signal
18 controls operation of the charging transistors 4.

In some embodiments, the charging transistors 4 are
configured to charge the BL 8a and/or the BLLB 85 during a
multi-stage charging process controlled by the charge con-
trol circuit 12. For example, in some embodiments, the
charge control circuit 12 i1s configured for a two-stage
charging process. The charge control circuit 12 controls the
charge control signal 18 to selectively activate and/or deac-
tivate the charging transistors 4 to charge the BL 8a and/or
the BLB 8b in multiple discrete charging phases. For
example, 1n some embodiments, the charge control signal 18
has an mitial first predetermined value that maintains the
charging transistors 4 in an oil-state. The input voltage 20 1s
mitially set to a first predetermined voltage. When a two-
stage charging process 1s 1mitiated, the charge control circuit
12 sets the charge control signal 18 to a second predeter-
mined value configured to turn on the charging transistors 4,
which charge the BL 8a and/or BLB 85 to the first prede-
termined voltage. The charge control circuit 12 then resets
the charge control signal 18 to the first predetermined value
to turn the charge transistors 4 ofl. The charge transistors 4
are maintained in an ofl state for a predetermined delay
period (e.g., the charge control signal 18 1s maintained at the
first predetermined value for the predetermined delay
period). During the delay period, the input voltage 20 can be
increased to a second predetermined voltage. The charge
control circuit 12 subsequently sets the charge control signal
18 back to the second predetermined value to turn on the
charging transistors 4, which charge the BL 8a and/or the
BLB 85 to the second predetermined voltage. The second
predetermined voltage 1s greater than the first predetermined
voltage.

In some embodiments, the first predetermined voltage 1s
about half the second predetermined voltage, although 1t will
be appreciated that the first predetermined voltage can be
any voltage less than the second predetermined voltage. In
some embodiments, the second predetermined voltage 1s
equal to a positive supply voltage of the memory array

10

15

20

25

30

35

40

45

50

55

60

65

4

(commonly referred to as VDD). Although embodiments are
discussed herein including a two-stage charging process, it
will be appreciated that the charge control circuit 12 can be
configured to charge the BL 8a and/or the BLLB 856 using a
multi-stage charging process having any number of discrete
charging cycles, such as, for example, a two, three, four,
and/or a greater number of discrete charging cycles. The
number of discrete charging cycles correspond to the num-
ber of voltage levels of the BL 8a and/or BLB 85 and/or the
number of voltage levels of the input voltage 20 during a
multi-stage charging process.

The multi-stage charging process reduces the peak current
on each of the BL 8a and/or the BLB 85 during a charge/
pre-charge operation. In some embodiments, the predeter-
mined delay period and the first input voltage are selected to
reduce a peak current experienced during the charge/pre-
charge operation by a predetermined factor. The peak cur-
rent can have a positive value (such as some PMOS-based
designs) or a negative value (such as some NMOS-based
designs). For example, in conventional BL/BLB charge
operations, the peak current on each of the BL/BLB can
exceed 300/-300 mA. A multi-stage charging process, such
as the two-stage charging process described above, can be
configured to introduce a predetermined delay period which
reduces the peak current to about 200/-200 mA, which 1s a
14 reduction. In some embodiments, the predetermined
delay period and/or the first iput voltage can be selected
such that the peak current on each of the BL 8a and/or the
BLB 856 during a charge operation 1s equal to or less than a
peak current experienced during a read and/or write opera-
tion.

In some embodiments, the charge control circuit 12
includes a charge control block 14 and a SD/SLP control
block 16. The SD/SLP control block 16 1s configured to
receive one or more input signals 38, such as an SD signal
and an SLP signal, and generate control signals for the
charge control block 14. For example, in some embodi-
ments, the SD/SLP control block 16 includes a plurality of
logic gates and/or delay blocks configured to generate one or
more control signals for the charge control block 14, as
described 1n more detail below with respect to FIGS. 4-5.
The charge control block 14 receives one or more signals
from the SD/SLP control block 16 and generates the charge
control signal 18. For example, in some embodiments, the
charge control block 14 includes a plurality of logic gates
and/or delay blocks configured to generate a charge control
signal 18 based on an input from the SD/SLP control block
16, as described in more detail below with respect to FIGS.
4-6.

In some embodiments, the BL, 8a and/or the BLLB 85 are
coupled to a memory array 60. The memory array 60 can
include one or more bit cells 62 coupled to each of the BL
8a and/or the BLLB 84. In some embodiments, the one or
more bit cells 62 are configured to use the BL 8a and/or the
BLLB 8/ during one or more operations, such as, for
example, a read/write operation.

FIG. 2 1s a flowchart 1llustrating a method 100 of opera-
tion of the BL/BLB charging cell 2 of FIG. 1, 1n accordance
with some embodiments. As shown 1n FIG. 2, at a first step
102, the input voltage 20 1s set to a first input voltage. The
first input voltage can be any suitable value for charging a
BL 8a and/or a BLB 84. In some embodiments, the first
input voltage i1s less than or equal to a positive supply
voltage of a memory array (VDD). When a charge/pre-
charge operation i1s required (such as during start-up or
wake-up procedure), the BL/BLB charging cell 2 transitions
to step 104. At step 104, the charge control circuit 12 turns
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on the charging transistors 4 to charge a BL. 8a and/or a BLB
86 to a voltage value less than or equal to the first voltage
input. In some embodiments, the charge control circuit 12
turns the charging transistors 4 on by transitioning a charge
control signal 18 from the first predetermined value (con-
figured to maintain the charging transistors 4 1n an oil-state)
to a second predetermined value (configured to turn the
charging transistors 4 on). The charge control signal 18 can
be a set-high signal (e.g., the first predetermined value 1s less
than the second predetermined value) or a set-low signal
(e.g., first predetermined value 1s greater than the second
predetermined value). When the charging transistors 4 are
turned on, the BL 8a and/or the BLB 85 are charged from a
starting value (such as ground) to the first input voltage. For
example, when the second charging transistor 45 1s turned
on, BL 8a 1s connected to the input voltage 20 and 1s charged
to the first input voltage. Similarly, when the third charging
transistor 4¢ 1s turned on, the BLLB 856 1s connected to the
input voltage 20 and 1s charged to the first input voltage.

The charge control circuit 12 maintains the charge control
signal 18 at the second predetermined value until the BL 8a
and/or the BLB 86 have been charged to the first mput
voltage. The first input voltage can be any suitable voltage
value less than a positive supply voltage of a memory array,
such as, for example, half the positive supply voltage, one
tourth the positive supply voltage, three-fourths the positive
supply voltage, and/or any other suitable voltage value
between an uncharged BL/BLB (e.g., ground or a negative
supply voltage (VSS)) and a fully charged BL/BLB (e.g.,
VDD).

At step 106, the charge control circuit 12 resets the charge
control signal 18 to the first predetermined value to turn the
charging transistors 4 off. The charge control circuit 12
maintains the charge control signal 18 at the first predeter-
mined value for a predetermined delay period. The prede-
termined delay period is selected to reduce a peak current on
the BL 8a and/or the BLLB 85 during a charge operation. For
example, 1n some embodiments, the predetermined delay
period 1s selected such that the peak current on the BL 8a
and/or BLB 86 during a charge operation 1s less than or
equal to a peak current on the BL 8a and/or the BLB 8b
during a read/write operation. In some embodiments, the
BL/BLB charging circuit 2 transitions to an optional step
108 during the predetermined delay period.

At step 108, the input voltage 20 1s adjusted from the first
predetermined voltage to a second predetermined voltage.
The second predetermined voltage 1s greater than the {first
predetermined voltage. The input voltage 20 can be adjusted
by one or more circuit elements, such as, for example, one
or more circuit elements of the charge control circuit 12
and/or additional memory array circuit elements (not
shown). In some embodiments, the voltage 20 1s a virtual
voltage and can be coupled to one or more control elements.
For example, in one embodiment, VDDI 1s coupled to a
transistor (such as a PMOS ftransistor) coupled to a high
voltage at a first source/drain terminal and VDDI at a second
source/drain terminal. When the transistor 1s off, VDDI 1s at
a floating low-voltage and when the transistor 1s on, VDDI
1s connected to VDD. After adjusting the mput voltage (or
skipping step 108), the BL/BLB charging circuit 2 transi-
tions to step 110.

At step 110, the control circuit 12 again sets the charge
control signal 18 to the second predetermined value to turn
on the charging transistors 4. The BL 8a and/or the BLLB 85
charge from the first predetermined voltage to the second
predetermined voltage. Although embodiments are dis-
cussed herein having a second charge cycle charging the BLL
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8a and/or the BLB 856 from the first predetermined voltage
to the second predetermined voltage, 1t will be appreciated
that, 1n some embodiments, the BLL 8a and/or the BLLB 854
may have some voltage discharge during the predetermined
delay period such that when the charging transistors 4 are
reactivated for the second charging cycle (or any other
subsequent charging cycle), the voltage on the BL 8a and/or
the BLB 8b may be a value less than the first predetermined
voltage. When the BL 84 and/or the BLB 85 1s charged to the
second predetermined voltage (e.g., after a predetermined
time period has elapsed), the BL/BLB charging cell 2
transitions to step 112.

At step 112, one or more read/write operations are per-
formed by a memory array coupled to the BL 8a and/or the
BLB 8b. The charge control signal 18 can be maintained at
the second predetermined value to maintain a charge on the
BL 8a and/or BLB 85 at the second predetermined voltage
and/or can be reset to the first predetermined value to turn
the charging transistors 4 ofl. In some embodiments, one or
more ready signals can be generated to indicate that the BL
8a and/or the BLLB 85 are fully charged.

Although embodiments are discussed herein 1n which the
mput voltage 20 1s adjusted from a first predetermined
voltage to a second predetermined voltage, 1t will be appre-
ciated that, 1n some embodiments, the mput voltage 20
maintains a constant voltage value during both the first and
second charging cycles. The charging control circuit 12 1s
configured to control the charge control signal 18 such that
the charging transistors 4 are turned on during the first
charging cycle for a period suilicient to charge the BL 8a
and/or the BLB 85 only to the first predetermined voltage.

FIG. 3 1s a timing diagram 150 of the charging cell 2 of
FIG. 1 during a charge operation, 1n accordance with some
embodiments. As shown 1n FIG. 3, at time to, an SLP signal
38 has a first predetermined value corresponding to a
sleep-mode of a memory array attached to the charging cell
2 of FIG. 1. The charge control signal 18 has a first
predetermined value configured to maintain the charging
transistors 4 in an ofl-state and BL 8a and/or BLB 85 are
uncharged (e.g., have a voltage value 154 of zero). The input
voltage 20 has a first predetermined value. At time t,, the
SLP signal 38 transitions to a second predetermined value
(e.g., set to a logic low wvalue) to indicate a wake-up
operation of the memory array attached to the BL/BLB
charging cell 2. At time t,, the charge control signal 18 1s set
to a second predetermined value (e.g., logic low) to turn on
the charging transistors 4. Between time t,, and t,, a BL/BLB
voltage 154 1s charged from an 1nitial value (e.g., ground) to
the first predetermined voltage by the input voltage 20. In
the 1llustrated embodiment, the first predetermined voltage
1s 0.3V, less than half of a maximum charge value of a
BL/BLB voltage 154, although 1t will be appreciated that the
first predetermined voltage can be any value less than the
maximum charge value of the BL/BLB voltage 154. At tim
t,, the BL/BLB voltage 154 1s charged to the first predeter-
mined voltage, and the charge control signal 18 1s reset to the
first predetermined value to turn the charging transistors 4
ofl. During the predetermined delay period (time t, to t,), the
iput voltage 20 1s adjusted from the first predetermined
value to a second predetermined value. In the 1illustrated
embodiment, the second predetermined value i1s equal to
about 0.8V. After the predetermined delay period has
clapsed, the charge control signal 18 1s again set to the
second predetermined value and the BL/BLB voltage 154 1s
charged from the first predetermined voltage to the second
predetermined voltage. The second predetermined voltage

corresponds to a fully charged BL/BLB. As shown 1n FIG.
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3, the peak current 152 does not exceed about -200 mA
during the charging process. In some embodiments, such as
the 1llustrated embodiment, the peak current 1s negative as
one or more circuit elements utilize an NMOS (or pull-
down) configuration which generates a negative peak cur- 5
rent, although 1t will be appreciated that the peak current can
be a positive current value.

FIG. 4 1llustrates a charge control circuit 12a including
additional details of a charge control block 14a, in accor-
dance with some embodiments. The charge control bock 14a 10
1s configured to generate a charge control signal 18a. The
charge control signal 18a 1s generated by one or more logic
gates 22, 24. For example, 1n the illustrated embodiment, an
output gate 22 receives a lirst charge signal 26 from an
SD/SLP control block 16a and a second charge signal 28 15
from a control gate 24. The control gate 24 receives a first
control signal 30 from the SD/SLP control block 16a and a
second control signal 32 from a first delay block 36. In some
embodiments, the second control signal 32 1s a delayed
version of control signal 30 and 1s generated by applying a 20
predetermined time delay to the first control signal 30. In the
illustrated embodiment, the output gate 22 and the control
gate 24 ecach comprise an XOR gate, although 1t will be
appreciated that specific logic gates are provided only as an
example and any suitable combination of logic gates may be 25
used and 1s within the scope of this disclosure.

The second control signal 32 can be generated by a first
delay block 36. The first delay block 36 includes a plurality
of delay elements 36a-36¢ configured to propagate a signal
from a first side to a second side of the delay element 30
36a-36¢ with a predetermined delay. Each of the delay
clements 36a-36¢ adds a predetermined partial delay to the
predetermined time delay of the delay block 36. The pre-
determined time delay can be increased and/or decreased by
varying the number of delay elements 36a-36¢ within the 35
first delay block 36. The delay elements 36a-36¢ can com-
prise any suitable delay element, such as, for example, a
plurality of transistors, logic gates, and/or any other suitable
delay elements. In some embodiments, the predetermined
delay of the first delay block 36 can be further adjusted 40
based on material of the signal lines 37 connecting each of
the delay elements 36a-36¢. For example, 1n some embodi-
ments, the signal lines 37 can include various materials
configured to increase and/or decrease the delay of the delay
block 36, such as, for example, a poly (vinylierrocene) 45
material and/or any other high resistance maternial. Although
the illustrated embodiment includes five delay elements
36a-36¢, 1t will be appreciated that the first delay block 36
can include a greater and/or lesser number.

In some embodiments, the first charge signal 26 and the 50
first control signal 30 are generated by the SD/SLP control
block 16a. The SD/SLP control block 16a receives a plu-
rality of input signals, such as an SD signal 38a and/or an
SLP signal 385 and generates a plurality of output signals,
such as a first charge signal 26 and/or a first control signal 55
30. FIG. 5 illustrates one embodiment of an SD/SLP control
block 164, in accordance with some embodiments.

FIG. § 1illustrates an embodiment of the SD/SLP control
block 16a. The SD/SLP control block 16a includes one or
more logic gates 42, 44 and a second delay block 46. As 60
discussed above, the SD/SLP control block 16a receives a
plurality of input signals, such as an SD signal 384 and an
SLP signal 385. The SD signal 38a and/or the SLP signal
380 are provided to a first logic gate 42 configured to
generate a first control signal 30. When each of the SD signal 65
38a and the SLP signal 385 have a predetermined value, the
first control signal 30 1s set at a predetermined value (e.g.,

8

logic high or logic low). The first control signal 30 1is
provided to one or more additional circuit elements of the
BL control block 144, such as the control gate 24 of FIG. 4.

The first control signal 30 1s further provided to a second
delay block 46 and a first input of the output gate 44. The
second delay block 46 1s similar to the first delay block 36
discussed above, and similar description 1s not repeated
heremn. In some embodiments, the second delay block 46
includes a greater number of delay elements 46a-46¢ than
the first delay block 36, such that the delay of the second
delay block 46 1s greater than the delay of the first delay
block 36. The second delay block 46 generates a delayed
output signal 50 which 1s provided to the output gate 44. In
some embodiments, the delay of the second delay block 46
1s equal to the predetermined delay period of the charge
control circuit 12a.

When each of the first control signal 30 and the delayed
output signal 50 have predetermined values (e.g., predeter-
mined high and/or low logic values), the output of the output
gate 44 15 set to a predetermined value. The output of the
output logic gate 44 can be provided to one or more
additional logic gates, such as an iverter (not shown),to
generate the first charge signal 26. The first charge signal 26
1s provided to one or more circuit elements of the charge
control block 144, such as an output gate 22 of FIG. 4.

FIG. 6 1s a timing diagram 200 of the charge control
circuit 124, 1n accordance with some embodiments. The
timing diagram 200 1illustrates a sub-set of the signals
generated by the charge control circuit 124, as shown 1n
FIGS. 4-5. The signals are logic signals each having a first
predetermined voltage corresponding to a logic-high value
and a second predetermined voltage corresponding to a
logic-low value. With reference now to FIGS. 4-6, operation
of the charge control circuit 12a 1s discussed. As shown 1n
FIG. 6, at time t,, an SD signal 38a and an SLP 385 signal
cach have a logic-high value indicating a memory array
coupled to a BL/BLB associated with the charge control
circuit 12a 1s 1n sleep-mode. Each of the first control signal
30, the first charge signal 26, and the second charge signal
28 have initial logic-low values and the charge control signal
18a has an imitial logic-high value (e.g., the charge control
signal 18a 1s an active-low signal). At time t,, a wake-up
procedure 1s 1mitiated and the SD signal 38a and the SLP
signal 3856 each transition to a logic-low value which 1niti-
ates a multi-cycle charging process. At time t,, the first logic
gate 42 sets the first control signal 30 high.

As shown 1n FIG. 4, the first control signal 30 1s provided
to an mput of the control gate 24 of the charge control block
14a. When the first control signal 30 1s set high (1.e., set to
a logic-high value), the second charge signal 28 1s set high
at time t;. The second charge signal 28 1s provided to an
input of the output gate 22, which sets the charge control
signal 18a low at time t,. The logic-low charge control
signal 18a turns on the charging transistors to charge the BL
8a and/or the BLB 85 to a first predetermined voltage. The
first control signal 30 1s also provided to the first delay block
36. The first delay block 36 delays the first control signal 30
by a first predetermined delay to generate a second control
signal 32. The second control signal 32 i1s provided to the
control gate 24. At time t., the second control signal 32 1s set
low, and the second charge signal 28 1s reset low. At time t,,
the charge control gate 24 resets charge signal 18a to the
logic-high value. The logic-high charge control signal 18a
turns ofl the charging transistors 4.

Simultaneously, the first control signal 30 1s provided to
the second delay block 46. second delay block 46 generates
a delayed output signal 50 by delaying the first control signal
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by the second predetermined delay period. When the first
control signal 30 and the delayed output signal 50 each have
a predetermined value (such as a logic-high value), the
output logic gate 44 set the first charge signal 26 to a
logic-high value. When the first charge signal 26 1s set to
logic-high, the charge control signal 18a 1s set to the
logic-low value, and the BL 8a and/or BLLB 85 charge from
the first predetermined voltage to the second predetermined
voltage.

Although specific two-stage embodiments of the charge
control circuit 12a are discussed herein, 1t will be appreci-
ated that the charge control circuit 12a can comprise any
combination of logic gates, transistors, and/or other circuit
clements configured to generate a multi-cycle charge control
signal 18/18a.

In various embodiments, a circuit 1s disclosed. The circuit
includes a first switch coupled to a voltage source and a
bit-line (BL). The first switch 1s configured to couple the BL
to the voltage source to charge the BL in response to a charge
control signal. A second switch 1s coupled to the voltage
source and a complimentary bit-line (BLB). The second
switch 1s configured to couple the BLB to the voltage source
to charge the BLLB 1n response to the charge control signal.
A control circuit 1s configured to generate the charge control
signal. The charge control signal controls the first switch and
the second switch to charge the BL and the BLB to an
intermediate voltage during a first discrete charging period
and to a target voltage during a second discrete charging
period following the first discrete charging period.

In various embodiments, a method of charging a bit-line
(BL) 1s disclosed. The method includes activating one or
more switches for a first charging period. The one or more
switches couple the BL to a voltage source to charge the BL
to an intermediate voltage during the first charging period.
The one or more switches are deactivated for a predeter-
mined delay period. The one or more switches are then
activated for a second charging period. The one or more
switches couple the BL to the voltage source to charge the
BL to a target voltage during the second charging period.

In various embodiments, a memory unit 1s disclosed. The
memory unit includes a memory array comprising a plurality
ol bit-cells. Each of the plurality of bit-cells 1s coupled to a
bit-line (BL) and a corresponding complimentary bit-line
(BLB). A charging cell 1s coupled to the BL and the BLB.
The charging cell comprises a first switch coupled to a
voltage source and the BL. The first switch 1s configured to
couple the BL to the voltage source to charge the BL 1n
response to a charge control signal. A second switch 1s
coupled to the voltage source and the BLB. The second
switch 1s configured to couple the BL to the voltage source
to charge the BLLB 1n response to the charge control signal.
A control circuit 1s configured to generate the charge control
signal. The charge control signal controls the first switch and
the second switch to charge the BL and the BLB to an
intermediate voltage during a first discrete charging period
and to a target voltage during a second discrete charging
period following the first discrete charging period.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may

5

10

15

20

25

30

35

40

45

50

55

60

65

10

make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 15 claimed 1s:

1. A circuit comprising:

a first switch coupled to a voltage source and a bit-line
(BL), wherein the first switch 1s configured to couple
the BL to the voltage source to charge the BL in
response to a charge control signal;

a second switch coupled to the voltage source and a
complimentary bit-line (BLB), wherein the second
switch 1s configured to couple the BLB to the voltage
source to charge the BLB 1n response to the charge
control signal; and

a control circuit, wherein the control circuit 1s configured
to generate the charge control signal, and wherein the
charge control signal controls the first switch and the
second switch to charge the BL and the BLB to an
intermediate voltage during a first discrete charging
period and to a target voltage during a second discrete
charging period following the first discrete charging
period, wherein the charge control signal 1s configured
to turn on the first switch and the second switch for a
first charging period to charge each of the BL and the
BLB to the intermediate voltage, turn off the first
transistor and the second transistor for a predetermined
delay period, and turn on the first switch and the second
switch for a second charging period to charge each of
the BL and the BLB to the target voltage, wherein the
predetermined delay period 1s selected such that a peak
current on e¢ach of the BL and the BLB 1s less than a
predetermined value.

2. The circuit of claim 1, comprsing a third switch
clectrically coupled between the bit-line, the complimentary
bit-line, and the control circuit, and wherein the third switch
1s configured to electrically couple the bit-line and the
complimentary bit-line 1n response to the charge control
signal.

3. The circuit of claim 2, wherein the third switch 1s a
transistor coupled to the bit-line at a first drain/source
terminal and the complimentary bit-line at a second drain/
source terminal, and wherein the transistor 1s coupled to the
control circuit at a gate.

4. The circuit of claim 1, wherein the first switch com-
prises a first transistor and the second switch comprises a
second transistor, wherein a gate of the first transistor and a
gate of the second transistor are each electrically coupled to
the control circuit, and wherein the charge control signal 1s
configured to turn each of the first transistor and the second
transistor on/ofl.

5. The circuit of claim 1, wherein the control circuit
comprises a charge block configured to receive a first input
signal and a second input signal, wherein the second 1nput
signal 1s a time-delay signal having a delay corresponding to
the predetermined delay period, and wherein the charge
block 1s configured to generate the charge control signal 1n
response to the first input signal and the second nput signal.

6. The circuit of claim 5, wherein the control circuit
comprises a sense detect (SD)/sleep (SLP) control block
configured to receive an SD signal and an SLP signal and
generate the first input signal and the second input signal of
the pre-charge block, wherein the SD/SLP control bock
comprises at least one delay block having a delay corre-
sponding to the predetermined delay period.

7. The circuit of claim 1, comprising a memory array
including a plurality of bit-cells, wherein each of the plu-
rality of bit-cells 1s coupled to the BL and the BLB.
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8. A circuit comprising:

a first switch coupled to a voltage source and a bit-line
(BL), wherein the first switch 1s configured to couple
the BL to the voltage source to charge the BL 1n
response to a charge control signal;

a second switch coupled to the voltage source and a
complimentary bit-line (BLB), wherein the second
switch 1s configured to couple the BLB to the voltage
source to charge the BLB 1n response to the charge
control signal; and

a control circuit, wherein the control circuit 1s configured to
generate the charge control signal, and wherein the charge
control signal controls the first switch and the second switch
to charge the BL and the BLB to an intermediate voltage
during a first discrete charging period and to a target voltage
during a second discrete charging period following the first
discrete charging period, wherein the charge control signal
1s configured to turn on the first switch and the second switch
for a first charging period to charge each of the BL and the
BLB to the intermediate voltage, turn ofl the first transistor
and the second transistor for a predetermined delay period,
and turn on the first switch and the second switch for a
second charging period to charge each of the BL and the
BLB to the target voltage, wherein the control circuit
comprises a charge block configured to receive a first input
signal and a second input signal, wherein the second 1nput
signal 1s a time-delay signal having a delay corresponding to
the predetermined delay period, and wherein the charge
block 1s configured to generate the charge control signal in
response to the first mput signal and the second mput signal.

9. The circuit of claim 8, wherein the control circuit
comprises a sense detect (SD)/sleep (SLP) control block
configured to recerve an SD signal and an SLP signal and
generate the first input signal and the second 1nput signal of
the pre-charge block, wherein the SD/SLP control bock
comprises at least one delay block having a delay corre-
sponding to the predetermined delay period.

10. The circuit of claim 8, comprising a third switch
clectrically coupled between the bit-line, the complimentary
bit-line, and the control circuit, and wherein the third switch
1s configured to electrically couple the bit-line and the
complimentary bit-line 1n response to the charge control
signal.

11. The circuit of claim 10, wherein the third switch 1s a
transistor coupled to the bit-line at a first drain/source
terminal and the complimentary bit-line at a second drain/
source terminal, and wherein the transistor 1s coupled to the
control circuit at a gate.
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12. The circuit of claim 8, wherein the first switch
comprises a first transistor and the second switch comprises
a second transistor, wherein a gate of the first transistor and
a gate of the second transistor are each electrically coupled
to the control circuit, and wherein the charge control signal
1s configured to turn each of the first transistor and the
second transistor on/ofl.

13. The circuit of claim 8, comprising a memory array
including a plurality of bit-cells, wherein each of the plu-
rality of bit-cells 1s coupled to the BL and the BLB.

14. A method comprising:

activating one or more switches for a first charging period,

wherein the one or more switches couple the BL to a
voltage source to charge the BL to an intermediate
voltage during the first charging period;

deactivating the one or more switches for a predetermined

delay period; and

activating the one or more switches for a second charging

period, wherein the one or more switches couple the BL
to the voltage source to charge the BL to a target
voltage during the second charging period, wherein the
predetermined delay period 1s configured such that a
peak voltage of the BL does not exceed a predeter-
mined current value during either of the first charging
period or the second charging period.

15. The method of claim 14, wherein activating the one or
more switches comprises setting a charge control signal to a
predetermined value.

16. The method of claim 14, receiving one or more input
signals at a charge control circuit, wherein the charge control
circuit activates and deactivates the one or more switches 1n
response to the one or more mput signals.

17. The method of claim 14, comprising setting the
voltage source to the intermediate voltage, wherein the
voltage source 1s coupled to at least one of the one or more
switches, and wherein the voltage source 1s set to the
intermediate voltage prior to the first charging period.

18. The method of claim 17, setting the voltage source to
the target voltage, and wherein the voltage source 1s set to
the target voltage prior to the second charging period.

19. The method of claim 14, wherein the predetermined
current value 1s less than or equal to a read/write current
value of a memory array coupled to the BL.

20. The method of claim 14, wherein the one or more
switches each comprise a transistor, and wherein activating,
the one or more switches comprises providing a predeter-
mined voltage to a gate of each of the transistors.
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